Opposing auxiliary conformations produce the same torquoselectivity in an oxazolidinone-directed Nazarov cyclization.
Most applications of chiral oxazolidinone auxiliaries in asymmetric synthesis operate through a common set of stereocontrol principles. That is, the oxazolidinone is made to adopt a specific, coplanar conformation with respect to the prochiral substrate, and reaction occurs preferentially at whichever stereoheterotopic face is not blocked by the substituents on the oxazolidinone. In contrast to these principles, we report here the discovery of an alternative mechanism of oxazolidinone-based stereocontrol that does not require coplanarity and is driven instead by allylic strain. This pathway has been uncovered through computational studies of an asymmetric Nazarov cyclization. Chiral oxazolidinone auxiliaries provide essentially complete control over the torquoselectivity of ring closure and the regioselectivity of subsequent deprotonation. Density functional theory calculations (M06-2X//B3LYP) reveal that in the transition state of 4π electrocyclic ring closure, the oxazolidinone ring and the cyclizing pentadienyl cation are distorted from coplanarity in a manner that gives two transition state conformations of similar energy. These two conformers are distinguished by a 180° flip in the auxiliary orientation such that in one conformer the oxazolidinone carbonyl is oriented toward the OH of the pentadienyl cation (syn-conformer) and in the other it is oriented away from this OH (anti-conformer). Surprisingly, both conformations induce the same sense of torquoselectivity, with a 3-5 kcal/mol preference for the C5-β epimer of the ring-closed cation. In both conformations, the conrotatory mode that leads to the C5-α epimer is disfavored due to higher levels of allylic strain between the oxazolidinone substituent and adjacent groups on the pentadienyl cation (R(4) and OH). The excellent torquoselectivities obtained in the oxazolidinone-directed Nazarov cyclization suggest that the allylic strain-driven stereoinduction pathway represents a viable alternative mechanism of stereocontrol for reactions of sterically congested substrates that lie outside of the traditional coplanar (N-acyloxazolidinone) paradigm.